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Description 

The present invention relates to a process for the hydration of olefins using a catalyst system comprising phos- 
phoric acid supported on synthetic silica. 

Hydration of olefins such as ethylene or propylene to the corresponding alcohols by hydration thereof in the vapour 
phase using a phosphoric acid catalyst deposited on a siliceous support is well known. Numerous prior art publications 
described such a procedure including those disclosed in GB-A-1570650. US-A-4808559, GB-A-1371905 US-A- 
4038211, US-A-4012452, GB-A-1476534. GB-A-1306141. US-A-3996338 and CAN-A-844004. In each of these prior 
publications, the nature of the siliceous support used is defined by various parameters including the pore volume, the 
surface area, the crush strength and the purity of the support However, none of these documents identify the precise 
combination of physical parameters of the support for maximising the performance of the supported catalyst. US-A- 
5086031 on the other hand describes pressed parts of pyrogenically produced silicon dioxide of high crush strength 
and the use thereof as catalyst in the ethylene hydration method. However, this document does not disclose the use of 
such pressed parts as a support for a catalyst in a vapour phase process for the hydration of olefins under specific con- 
ditions. 

It has now been found that by carefully controlling the aspects referred to above and especially by using supports 
of high porosity, purity and crush strength, it is possible to improve the performance of the catalyst system. 

Accordingly, the present invention is a process for hydrating olefins to the corresponding alcohols in the presence 
of a catalyst system comprising phosphoric acid catalyst supported on a siliceous support characterised in that 

a. the mole ratio of water to olefin passing through the reactor is in the range from 0.15-0.50, 

b. the space velocity of the water/olefin mixture is from 0.010 to 0.100 g/min/cm 3 of the catalyst system, 

c. the phosphoric acid concentration is from 5 to 55% w/w based on the total weight of the catalyst system. 

d. the siliceous support is a silica having a porosity of at least 0.8 mt/g and an average crush strength of at least 
5.5 Kg and having a purity of at least 99% wAw, 

e. the olefin hydration reaction is carried out at a temperature from 170-300°C. and 

f. the reaction is carried out at a pressure ranging from 2000-24000 Kpa. 

The olefins to be hydrated are suitably ethylene or propylene and the corresponding alcohols formed are suitably 
ethanol. n-propanol and isopropanol respectively. The process is carried out in the vapour phase, ie both the olefin and 
water are in the vapour phase over the catalyst system, apart from a small proportion of each gaseous reactant which 
dissolves in the catalyst system. The hydration reaction is believed to occur between such dissolved reactants. Ethers 
corresponding to the olefin are formed as by-products during the reaction. 

The catalyst system used is phosphoric acid impregnated on a silica support The silica support is suitably in the 
form of pellets or beads or are globular in shape having a particle diameter of 2 to 7 mm. preferably 4 to 6 mm. The 
silica support used has a porosity of at least 0.8 ml/g, suitably at least 0.85 mi/g preferably at least 0.9 mi/g. The catalyst 
has a crush strength of at least 5.5 Kg force, suitably at least 6 Kg force, preferably 7 Kg force and more preferably 7.5 
Kg force. The crush strengths quoted are based on average of that determined for each set of 50 beads/globules on a 
CHATTILLON tester which measures the minimum force necessary to crush a particle between parallel plates. The bulk 
density of the support is suitably at least 380 g/I. preferably at least 440*g/l. 

The support suitably has an average pore radius (prior to use) of 10 to 500 Angstroms, preferably an average pore 
radius of 30 to 1 00 Angstroms. 

In order to achieve optimum performance, the silica support has at least 99% w/w purity, ie the impurities are less 
than 1% w/w, suitably less than 0.60% w/w and preferably less than 0.30% w/w. 

The silica support used is most preferably a synthetic silica such as those produced by the so called "sol-gel" proc- 
ess or by the hydrolysis of SiCI 4 . Specific examples of such synthetic silica supports include Support No. 350 made by 
pelletisation of Aerosil® 200 (ex Degussa). 

The silica supports used herein have a great capacity to absorb phosphoric acid catalyst. The catalyst is suitably 
absorbed on the support by immersing the support in an aqueous solution of phosphoric acid. Where an aqueous solu- 
tion of phosphoric acid is used, it suitably contains from 15 to 75% w/w of phosphoric acid, preferably from 30 to 55% 
w/w. The impregnated support is then dried before use to form the catalyst system and has a concentration of phos- 
phoric acid ranging from 5 to 55% w/w. preferably from 20 to 48%w/w based on the total weight of the catalyst system. 

The hydration reaction is carried out by placing the catalyst system in a reactor, sealing the reactor and then heat- 
ing the catalyst system to the reaction temperature. The catalyst system is heated to a temperature from 170 to 300°C 
depending upon the end product desired. For instance, if the end product is ethanol from ethylene, the catalyst system 
is suitably heated from 225 to 280°C, preferably from 230-260°C. more preferably from 235-245°C. On the other hand, 
if the end product is n-propanol or iso-propanol from propylene, the catalyst system is suitably heated from 180-225°c! 
preferably from 185-205°C. When the catalyst system has attained the desired temperature a charge of the olefin and 
water in the vapour state is passed through the reactor. The mole ratio of water to olefin passing through the reactor is 
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in the range from 0. 1 5 to 0.50. preferably from 0.25 to 0.45. more preferably from 0.30-0.40. The space velocity of water 
vapour/olef in mixture passing through the reactor is subject t slight variations depending upon whether the reactant 
olefin is ethylene or propylene. For instance, in th case of ethylene, the space velocity of the mixture thereof with water 
vapour is suitably from 0.010 to 0.100. preferably from 0.020 to 0.050 grammes per minute per cm 3 of the catalyst sys- 

5 tern. In the case of a mixture of propylene and water vapour, the space velocity is suitably in the from 0 010-0 100 pref- 
erably from 0.02-0.07 g/min/cm 3 of the catalyst system. 

The hydration reaction is carried out a pressure ranging from 2000 to 24000 Kpa. Within this range the hydration 
of ethylene is suitably carried out at a pressure from 3000 to 1 0000 KPa, whereas the hydration of propylene is suitably 
carried out at a pressure from 2000-7600 KPa. 7 

io The activity of the catalyst system was measured by monitoring the total amount of alcohol, ether and unreacted 
olefin produced over a one-hour period at standard test conditions (see Table on page 7 below) once a steady state 
had been reached in the pilot plant. 

Alcohol and ether production was measured by gas chromatography using a Perkin Elmer Sigma 4B GC (see 
below), whereas unreacted olefin was metered using a wet-type positive displacement flow meter (ex Alex Wriqht & Co 

15 Model DM3F). 

A very important and unexpected feature of the present invention which distinguishes it over the conventional cat- 
alyst systems for hydration of olefins is that the siliceous support used retains its relatively high initial crush strength 
even after prolonged use which extends to the total life of the catalyst system. In fact in some instances (see eg Table 
1 below), the crush strength of the support has been shown to increase after use rather than decrease as is the case 

20 and as would be expected, with all conventional supports of the silica gel type used hitherto. This is the case even when 
the initial crush strength of the conventional supports is the same as or greater than the supports now used In the cur- 
rent set of olefin hydration tests carried out with the catalyst systems now claimed, no change in the crush strength was 
noted even after the catalyst system had been on stream for over 1 500-2000 hours. In contrast most conventional silica 
gel based systems begin to lose their crush strength after about 500-700'hours on stream thereby reducing the life of 

25 the support used and hence the catalyst system has to be replaced frequently. In the catalyst system now used any 
loss of activity is due to deposition of carbon on the siliceous support without any loss of its crush strength. 

Thus, it has now been found that by using the specific support described herein it is possible not only to increase 
the space-time-yield (hereafter "STY") of the process but also to prolong the life of the support thereby reducing the fre- 
quency with which the support is changed or replaced on a plant. 

30 The present invention is further illustrated with reference to the following Examples: 

Example 1 fPrnrtim tion of EthanolV 

This was a pilot plant experiment (represented by the enclosed schematic Fig 1) and the following procedure was 
35 used: 

A 0.30 : 1 molar mixture of water and ethylene (6895 KPa. (1000 psig) 240°C) was passed down through a 5 08cm 
I D copper lined stainless steel reactor containing 1000 cc zone of hydration catalyst system. Water was fed to the reac- 
tor by a diaphragm metering pump from a small calibrated glass tank (TK2 in Fig 1). whereas the ethylene (>99 9% v/v) 
was fed to the reactor by a compressor operating at 6998.4 KPa (1015 psig). The inlet flow of ethylene to the pilot plant 
40 was measured using an orifice plate and was controlled using a pneumatic flow control valve. Both streams passed 
through an electrically heated feed vaporiser prior to entering the reactor: The temperature in the reactor was measured 
by four radial thermocouples spaced equidistantly in the zone containing the catalyst system, and the reactor wall heat- 
ers were set to give a 20°C temperature gradient across the reactor- This imposed exotherm was used to simulate an 
adiabatic commercial process. 

45 The effluent from the reactor was then passed through a cooler, into a high pressure separator. These two units 
were kept at 100«C by steam tracing. A mixture of hot gases (ethylene, ethanol and diethylether) was then removed 
from the top of the separator through a pressure control valve to a vent and metering system. A small bleed was then 
taken to a GC sampling system. The remaining liquid phase in the separator (water, ethanol and a trace of ether) was 
taken off by a valve controlled by the separator's liquid level, and was collected in TK3 (see Fig 1). 

For a test period, the liquid product was collected over one hour during which time the gas phase concentrations of 
ethanol and diethylether were automatically measured by GC every 15 minutes (see below). At the end of the test 
period the liquid product was collected from TK3 (see Fig 1). made up to a standard volume, and then analysed by GC 
The total amount of ethanol and diethylether produced in one hour is simply the sum of the amounts found in the liquid 
and gas phases. 

The GC analyses referred to above for ethanol and diethylether were carried out on a Perkin Elmer Sigma 4B GC 
operated at 90°C. The GC columns used were of 4m x 2mm ID stainless steel, packed with 20% polyethylene glycol 
1 540 on Chromosorb® W (60-85 BS mesh), with separate columns being used for gas and liquid analyses. Gas sam- 
ples were analysed automatically every 1 5 minutes under computer control, whereas liquid samples were collected and 
then manually injected into the GC using tert-butyl alcohol as an internal standard. In both cases the resulting chroma- 
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ISrSSd*' 611 in,e9rated by 00mputer *" me concentrations of ethanol and diethylether present in each sample 

The standard test conditions used during pilot plant evaluation of the catalyst systems of the present invention are 
tabulated below. These conditions were such that the pilot plant simulated precisely the conditions typically used bv 
commercial unhs to achieve a maximum production rate. 1 





STANDARD TEST CONDITIONS 


10 


PROCESS VARIABLE 


CONDITIONS 




Reactor Pressure 


6895 KPa(1000 psig) 




Reactor Inlet Temperature (°C) 


240 




Reactor Exit Temperature (°C) 


260 


15 


Ethylene Space Velocity 


1442 g/l cat/hr 




Water Space Velocity 


280g/I cat/hr 




Water : Ethylene Mole Ratio 


0.30 


20 


H3PO4 : Loading on support 


300g/i 




Silica Support Used 


Degussa 350 (Pelletised Aerosil® 200) 



supports and catalysts of the catalyst systems of the present invention used in this Example had the following phys- 
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CHARACTERISTICS 


DEGUSSA 350 


Pore vol ml/g 


0.82 


ml/1 cat vol 


400 


Bulk Density g/l 


488 


Crush strength Kg 




Fresh support 


7 


Fresh Catalyst System 


8.5 


Used Catalyst System 


15 


Attrition % w/w 




Fresh support 




Fresh Catalyst System 


<1% 


Mean Pore radius Fresh support (Angstroms) 


77 


Mean Pore Radius Fresh Catalyst System (Angstroms) 


79 



The effect of the specif ic supports now used in the catalyst systems for the hydration of olefins under the standard < 
anions shown above on the space-time-yield (STY) of ethanol are: 
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TABLE 1 



DEGUSSA 350 


Ft sh Support 


Catalyst System No.1 


Catalyst System No.2 


Acid Loading(g/l) 




362 


308 


Bulk Density (g/i) 


488.3 


851 


796 


Pore Volume (HaO.ml/g) 


0.83 


0.87 (unused) 


0.86 (unused) 






0.81 (used) 


0.78 (used) 


Attrition (%w/w) 


0.30 


0.12 


0.75 


Crush strength (Kg) 


7.2 


8.8 (unused) 


7.9 (unused) 






9.4 (used -3days) 


15.1 (used - 15 days) 


Ethanol STY (G/UH) 




108 


102 



20 



25 



The above results show that the use of a support of relatively high crush strength and superior pore volume gives 
nse to a higher space-time-yield of ethanol than the conventional catalyst systems based on silica gel supports for olefin 
hydration under comparable process conditions. 

, K1 " s i n9 the same method as in 106 P rocess descried above but by varying the reaction conditions as shown under 
NOTES' under each Table to test the effect of water : ethylene mole ratios (see Table 2 below), the effect of relative flow 
rates (see Table 3 below), the effect of reaction pressure (see Table 4 below) and the effect of reaction temperature on 
the yield of the alcohol, the following results were obtained. 



TABLE 2 



EFFEC" 


FOF WATER:ETHYLENE MOLE RATIO ON OLEFIN HYDRATION REACTION 


H 2 0:C2H 4 Mole 
Ratio 


Ethanol STY (G/IVH) 


Ether STY (G/17H) 


Ethylene Conversion 


Av. Reactor Temp °C 


0.300 


110.6 


112.8 


10.63% 


250.4 


0.352 


113.0 


86.2 


9.33% 


249.9 


0.400 


111.2 


62.9 


8.13% 


250.1 


NQTES: 71 ' ' ■ 

1) Phosphoric acid loading in catalyst system = 306 G/L 

2) Reactor pressure * 6895 KPa (1000 psig) 

3) Inlet ethylene flow = 1 .44 kg/h 

4) Mole ratio changed by altering water feed rate 



TABLE 3 



EF 


FECTOF RELATIVE FLOW RATE ON OLEFIN HYDRATION REACTION 


Relative Flow Rate 


Ethanol STY (G/L/H) 


Ether STY (G/L/H) 


Ethylene Conversion 


Av. Reactor Temp °C 


100.0% 


113.0 


108.7 


10.34% 


250.2 


140.5% 


143.4 


102.8 


8.15% 


250.2 


nq I b$: ■ 

1) Phosphoric acid loading in catalyst system = 306 G/L 

2) Reactor pressure = 6895 KPa (1000 psig) 

3) 100% relative flows = standard test conditions 
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TABLE 4 



E 


:FFECT OF PROCESS PRESSURE ON OLEFIN HYDRATION REACTION 


Process Pressure 


Ethanol STY (G/L/H) 


Ether STY (G/L/H) 


Ethylene Conversion 


Av. Reactor Temp °C 


6895 KPa 


108.8 


102.7 


10.08% 


250.4 


6205.5 KPa 


105.6 


98.6 


9.66% 


250.6 


5516 KPa 


100.7 


91.6 


'9.17% 


250.5 


NUIES: ~ — ■ 

1) Phosphoric acid loading in catalyst system = 306 G/L 

2) All other variables at standard test conditions 





TABLE 5 



EFFE 


CT OF PROCESS TEMPERATURE ON OLEFIN HYDRATION REACTION 


Reactor Inlet Temp 
<°C) 


Reactor Exit Temp 
(°C) 


Ethanol STY (G/L/H) 


Ether STY (G/L/H) 


Ethylene Conversion 


245 


265 


109.4 


107.2 


10.44% 


240 


260 


105.4 


98.0 


9.66% 


235 


255 


98.7 


71.1 


7.88% 


INDIES: ' 

1) Phosphoric acid loading in catalyst system « 306 G/L 

2) All other variables at standard test conditions 

3) Data taken after 45 days on stream; initial crush strength unchanged after being on stream for 72 days (1 728 hrs) 



35 Example 2 (Product ion of n-Pronanol & Iso-prop annl); 
Description of Equipment 
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. e ^ enmen ^ 10 measure the Performance of a catalyst system based on Degussa 350 petletised silica support 
ZSSZS pr °P? e . ne to ' sopr °P ano1 were c*™" 1 ou » ir > a small copper lined tubular reactor containing 50 ml oHhe 
catalyst system. Water and propylene (> 99% vol/vol) were fed to this reactor by metering pumps, and passed through 
a preheater/vapouriser prior to entering the supported catalyst zone 

n ^r^f aCt ° r ^ 'f 0 '" 6 ™"* heated a flui *sed bath, the temperature of which was controlled to within ± 
psig) rS Pr0C6SS W3S measurod at th0 inlet the teacio '- 31x1 controlled to within ± 6.9 KPa (i 

h 0 „ J" e 9 a ! eous P^" 01 «W"B the reactor was then dropped in pressure to about ambient, condensed and 

degassed. The offgas was then thoroughly scrubbed with water to remove any residual alcohol, and the gas (mainly 
unreacted propylene) was then accurately metered prior to being vented. 

The activity of each catalyst system was assessed by collecting the condensed product, plus all the scrubbing 

Son T/Jh Peri °?- **" e3Ch Stream for and n-propanol content. The total pro? 

duchon of each alcohol is simply the sum of the alcohol found in the condensate and the scrubbing water. 

Catalyst Sy stems Tested 

^wr 1 ^ Sy 2 6mS ^ ,6S ! ed °" fte abWe «o demonstrate the superiority of those supported on 

synthebc silicas over those supported on conventional montmorillonite: 

rtl 2sT M phosphoric add is ^Ported on fresh montmorillonite and containing an add loading 
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(b) A catalyst system in which phosphoric acid is supported on montmorillonrte(ex Hueis) which has been re- 
soaked in fresh orthophosphoric acid to give an acid loading of 180 g/l. 

(c) A catalyst system made by absorbing orthophosphoric acid onto pelletised silica (Degussa 350). to give an acid 
loading of 181 g/l. 

All catalyst systems were tested at a reactor inlet pressure of 3896 KPa (565 psig), at temperatures ranging from 185 
to 200°C. and at a waterrolefin feed mole ratio of 0.30. 

Results 



(A) ISOPROPANOL 


PRODUCTION FROM MOhfTMORILLONITE AND SYNTHETIC SILICA SUP- 
PORTED CATALYSTS 


Reaction Temp. (°C) 


Fresh Commercial Cata- 
lyst System STY (G/L/H) 


Resoaked Commercial 
Catalyst System STY 
(G/L/H) 


Catalyst System of 
Invention STY (G/L/H) 


185 




191.5 


238.6 


190 


176.3 


195.4 


227.0 


195 


168.0 






200 


179.5 


190.9 


208.5 



(B) N-Propanol 


Production from Montmorillonrte and Synthetic Silica Supported Catalysts 


Reaction Temp. (°C) 


Fresh Commercial Cata- 
lyst System STY (G/L/H) 


Resoaked Commercial 
Catalyst System STY 
(G/L/H) 


Catalyst System of 
invention STY (G/L/H) 


185 




0.356 


0.640 


190 


0.310 


0.496 


0.947 


195 


0.525 






200 


0.845 


1.506 


2.194 



The results clearly show that olefin hydration catalysts supported on synthetic silicas according to the present 
invention are significantly more active for both isopropanol and n-propanol production than those supported on 
montmorillonite. 

Claims 

1 . A process for hydrating olefins to the corresponding alcohols in the presence of a catalyst system comprising phos- 
phoric acid catalyst supported on a siliceous support characterised in that 

a. the mole ratio of water to olefin passing through the reactor is in the range from 0.15-0.50, 

b. the space velocity of the water/defin mixture is from 0.010 to 0.100 g/min/cm 3 of the catalyst system. 

c. the phosphoric acid concentration is from 5 to 55% w/w based on the total weight of the catalyst system. 

d. the siliceous support is a silica having a porosity of at least 0.8 ml/g and an average crush strength of at least 
5.5 Kg and having a purity of at least 99% w/w, 

e. the olefin hydration reaction is earned out at a temperature from 170-300°C. and 

f. the reaction is carried out at a pressure ranging from 2000-24000 Kpa. 



2. A process according to Claim 1 wherein the mole ratio of lefin to water passing through the reactor is in the range 
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from 0.25-0.45. 



3. A process according to Claim 1 or 2 wherein the space velocity of water/olefin mixture when the olefin is ethylene 
is in the rang from 0.020-0.050 g/min/cm 3 of the catalyst system. etnylene 

4. A process according to Claim 1 or 2 wherein the space velocity of water/olefin mixture when the olefin is oroovlene 
is in the range from 0.020-0.070 g/min/cm 3 of the catalyst system. propylene 

5. A process according to any one of the preceding Claims wherein the phosphoric acid concentration i« 5>n a**. ^ 
based on the total weight of the catalyst system. «pnonc acra concentration is 20-48% w/w 

6 ' JES? aCC ° fdin9 10 " PrbCedinQ aaimS Where *' n 0,8 Si,iceous s "PP° rt has « P°«*hy - a. least 

7 - isszsszsr * the precetfn9 c,aims **** the - « «* 

8 ' J.6 P 0% ZT™*" totUVoneof ,ne P recedino C <*™ herein the siliceous support has impurities of less than 
9 " , A accordin 9 to ^ one 01 * e Preceding Claims wherein the catalyst system is heated to a temoerature 

Xnot far th0 hydra,ion of e,hylene t0 ethano1 ■ nd ,rom l8Ma ~ for * e 

10. A process according to any one of the preceding Claims wherein the olefin hydration reaction is carried out at a 
pressure from 3000 to 10000 Kpa when the olefin is ethylene and from 2000-7600 KPa whin the otSs propyl 

PatentansprOche 

1. Ein Verfahren fur das Hydratisieren von Olefinen zu den entsprechenden Alkoholen in Gegenwart eines Katalvsa- 
JSSiC^ ^.agert auf einem KeseteaurehlC iSgS.^S 

0 a 50 da eg1 4OlVerhaItniS V °" dUr ° h ReaWOr hindurch 9 ehendem Wa ^er zu Olefin im Bereich von 0.15 bis 
SiS b R e a ^ eschwindi 9 keit der Wasser/Olefin-Mischung von 0.010 bis 0.100 g/min/cm 3 des Katalysatorsy- 

^y^^eT^^ 0 " V °" 5 WS K % GSW/GeW - '* ba8tarend auf dem Gesamtgewich. des 

^>h eSel f Ureh ^ ,i9e I ra - 96r 6ine Weselertie mit ei "er POrositat von zumindest 0.8 ml/g und einer durch- 
sshn.ttl.chen Zermahlfesfgkert von zumindest 5.5 kg ist und eine Reinheit von zumindest 99 % QeiSJS- 

m£S^'^^ S ' e n M ^ b ^ ner Tem P eratur im von 170- bis 300-C durchgefOhrt wird und 
(0 die Reakbon bei einem Druck im Bereich von 2000 bis 24000 Kpa durchgefOhrt wird. 

2 " imBeS^ 

3 " a?Jn*^ n "f h ^ SPn '? 1 ° dar 2 " ^ die R^Sfchwindigkeit der Wasser/Olefin-Mischung wenn das 
Olefm Ethylen ist im Bereich von 0.020 bis 0.050 g/min/cm 3 des Katalysatorsystems liegt. 

4 " oi^^ "^".^P^ 1 «**■ 2 - w °™ d ' a Raumgeschwindigkeit der Wasser/Olefin-Mischung wenn das 
Olefm Propylen ist. im Bere.ch von 0.020 bis 0.070 g/min/cm 3 des Katalysatorsystems liegt. 

5. Ein Verfahren nach einem der vorstehenden AnsprOche. worin die Phosphorsaure-Konzentration 20 bis 48 <*. 
Gew./Gew.. auf Basis des Gesamtgesichts des Katalysatorsystems. ist 20 bis 48 % 

6. Ein Verfahren nach einem der vorstehenden AnsprOche. worin der Weselsaure-Trager eine Porosftat von zumin- 
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dest 0.85 ml/g aufweist 

7. Ein Verfahren nach einem der vorstehenden AnsprOche. worin der Weselsaure-Trager eine durchschnittliche Zer- 
mahlfestigkeit von zumindest 7 kg Siflrke aufweist 

8. Ein Verfahren nach einem der vorstehenden AnsprOche, worin der Weselsaure-Trager Veruriremigungen von weni- 
ger afs 0.60 % Gew./Gew. hat 

9. Ein Verfahren nach einem der vorstehenden AnsprOche. worin das Kataiysatorsystem auf eine Temperatur von 
225° bis 280°C for die Hydration von Ethylen zu Ethanol und von 180- bis 225°C fOr die Hydration von Prcoylen zu 
Isopropanol erhitzt wird. ^ J 

10. Ein Verfahren nach einem der vorstehenden AnsprOche. worin die Olefin-Hydrationsreaktion bei einem Druck von 
3000 bis 10000 KPa durchgefGhrt wird. wenn das Olefin Ethylen ist und bei einem Druck von 2000 bis 7600 KPa 
wenn das Olefin Propylen ist. 

Revendlcatlons 

1 . Precede pour rhydratation d'olef ines en les alcools correspondants en presence <f une formulation de catalyseur 
comprenant un catalyseur a base d'acide phosphorique sur un support siliceux. caracterise en ce que 

age rapport molaire de I'eau a I'olefine passant a travers le reacteur est compris dans I'intervalle de 0.15 a 

b. la vitesse spatiale du melange eau/olefine est comprise dans I'intervalle de 0.010 a 0 100 o/min/cm 3 de la 
formulation de catalyseur, ' 

c. la concentration en acide phosphorique est comprise dans llntervalle de 5 a 55 % en potds/boids sur la base 
du poids total de la formulation de catalyseur, 

d. le support siliceux consiste en une silice ayant une porosite d'au moins 0.8 mi/g et une resistance moyenne 
a recrasement d'au moins 5.5 kg, et ayant une puret6 d'au moins 99 % en poids/poids, 

e. la reaction d'hydratation d'olef ines est conduite a une temperature de 170 a 300°C. et 

f. la reaction est conduite a une pression comprise dans llntervalle de 2000 a 24 000 kPa. 

2. Precede suivant la revendication 1 . dans lequel le rapport molaire de I'olef ine a I'eau passant a travers le reacteur 
est compris dans I'intervalle de 0.25 a 0.45. 

3. Precede suivant la revendication 1 ou 2. dans lequel la vitesse spatiale du melange eau/olefine lorsque I'oJefine 
consiste en ethylene est comprise dans llntervalle de 0.020 a 0.050 g/min/cm 3 de la formulation de catalyseur. 

4. Precede suivant la revendication 1 ou 2. dans lequel la vitesse spatiale du melange eau/olefine lorsque I'olefine 
consiste en propylene est comprise dans I'intervalle de 0.020 a 0.070 g/min/cm 3 de la formulation de catalyseur. 

5. Precede suivant Tune quelconque des revendications precedents, dans lequel la concentration d'acide phospho- 
nque est comprise dans llntervalle de 20 a 48 % en poids/poids sur la base du poids total de la formulation de cata- 
lyseur. 

6. Precede suivant I'une quelconque des revendications precedents, dans lequel le support siliceux a une porosite 
d'au moins 0.85 mi/g. 

7. Precede suivant I'une quelconque des revendications precedentes. dans lequel le support siliceux a une resistance 
moyenne a recrasement d'au moins 7 kg force. 

8. Precede suivant I'une quelconque des revendications precedentes. dans lequel le support siliceux a une teneur en 
impuretes inferieure a 0,60 % en poids/|poids. 

9. Procede suivant Tune quelconque des revendications precedentes. dans lequel la formulation de catalyseur est 
chauff ee a une temperature de 225 a 280°C pour l-hydratation de I'ethylene en ethanol et a une temperature de 
180 a 225°C pour Itiydratation du propylene en isopropanol. 

10. Procede suivant I'une quelconque des revendications precedentes. dans lequel la reaction d'hydratation cf define 
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est conduite a une pression de 3000 a 10 000 kPa lorsque Pdefine consiste en ethylene et a un pression de 
a. 7600 kPa lorsque folef ine consiste en pr pylene. 
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